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The U.S. Geological Survey (USGS) is required by the Alaska National Interests Lands
Conservation Act (Public Law 96-487, 1980) to survey certain federal lands to determine their mineral
potential. Results from the Alaska Mineral Resource Assessment Program (AMRAP) must be made
available to the public and be submitted to the President and Congress. i

scheelite, and wolframite are also found locally in these veins (Bundtzen and Gilbert, 1983). The veins are
hosted in monzonite, syenite, intermediate to mafic volcanic rocks, and sedimentary rock hornfels that form
a large volcano-plutonic complex in the Beaver Mountains (Bundtzen and Laird, 1982). Bundtzen and
Miller (1997) designate such lodes in the Beaver Mountains, as well as similar lodes near Granite Mountain
(T. 26 N., R. 40 W.), Bismarck Creek (T. 27 N., R. 42 W.), the Broken Shovel lode (fig. 1) in the Moore
Creek area (T. 29 N., R. 42 W.) as plutonic-related B-enriched Ag-Sn-polymetallic deposits. Although

Area 6 is a small area on the southeast side of Granite Mountain. No mines or prospects are
known in this area, but altered monzonite, vein breccias, and sedimentary rock hornfels collected in the
Granite Mountain area contain as much as 0.05 ppm Au, 7 ppm Ag, 390 ppm Sb, 850 ppm As, 700 ppm
Cu, 500 ppm Pb, 450 ppm Zn, 300 ppm Sn, 54 ppm Bi, 1.2 ppm Cd, and greater than 10 ppm Hg and 2,000
ppm B (McGimsey and others; 1988). The small area 6 Sb-As anomaly is identified by 4 sample localities
consisting of 2 heavy-mineral-concentrate samples containing 700 and 2,000 ppm Sb, 3 moss samples
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Brooks, A.H., 1912, The mining industry in 1911: U.S. Geological Survey Bulletin 520, p. 17-44.

Bull, K.F., 1988, Genesis of the Golden Horn and related mineralization in the Flat area, Alaska: Fairbanks,
University of Alaska, M.S. thesis, 149 p.

Bull, K.F., and Bundtzen, T.K., 1987, Greisen and vein Au-W mineralization of the Black Creek stock, the
Flat area, west-central Alaska [abs.]: Geological Society of America Abstracts with Programs, v. 19,
p. 362.

Qp Plac::rzan;;?el;naitj(il:?ixz?:b}; E%if:ﬁ;;f:ﬁ:{(.p;}iiseo:i‘l?:n%c;:gz g:zgo::;l:fi’ally This is one of a series of maps that present geological ant}l geochemical resultg ﬁ9m t'he mineral cinnabar and stibnite are rare in these deposits, anomalous concentrations of Hg, Sb, or As have been containing 20(_)-?,000 ppm As, 2 moss samples containing 50 and 200 Izpm Sb, and 3 strearp-sediment Bundtzen, T.K.., (;ox, B.C., and Veach,‘N.C., 1988, Heavy mineral provenance studit.as in the Iditarod and
removed during placer mining process. Tailings in most drainages range from 1 to 4 m thick resource assessment study of the Iditarod quadrangle, Alaska. This report shows the distribution of reported from these occurrences (Bundtzen and Laird, 1982; McGimsey and others, 1988). samples containing 19-60 ppm As. In addition, Gray, Motooka, and O’Leary (1997) described numerous Innoko districts, western Alaska, in Process Mineralogy VII: Metallurgical Society, SME/AIME joint

QTs  Surficial deposits (Holocene to Pliocene?)—Unconsolidated fluvial, terrace, colluvial, glacial anomalous _concentratlpns of Hg, Sb, and As detemed from the geochemical analysis of stream-secyment, Detrital cinnabar is also found in heavy-mineral-concentrate samples collected from gold placer Au a9d Ag anorpahes in a large area around Granite Mountain and a Pb-Zn-W anomaly on the south side of meeting, Denver, _Colorado, p. 221-245. ‘ : '
and eolian deposits usually covered by vegetation. Surficial dcpo’sit sg enér ally rang’e from é 0 nonmagnetic heavy-mmergl-concentrqte, and aquatic-moss samples, as well as anomalous concentrations of deposits in the Flat Creek (T. 27 N., R. 47 W.), Moore Creek (T. 29 N.,R. 42 W.), a1.1d Ganes C'reek (T.33 Granite Mountain (Gray, Ryder, and Taylor, 1997). Thg Sb-As apomaly delineated here is much smal_ler Bundtzet'l, TK., and. Gilbert, W.G., 1983, Outline 9f geolqu and mineral resources of upper Kuskokwim
20u Sliiok anck esdliibiot ot fuant d £ Boa & Booca i ot NSl cinnabar in t.he nqnmagnetlc l%eavy-nuneral-conf:entrate samples., collected-ﬁ'om the quadrangle. Other N., R. 38 W.) areas (Bundtzen and others, 1992), Julian Creek (T. 25 N., R. 44 W.), in the Donlin Creek than 'Fhe Au-Ag @omdy or tl‘le Pb-Zn-W anom'flly, and it is restricted to watersheds on ?he southeast side of region, Alaska: Joyrnal of the Alaska Geol‘oglcal Society, v._3, p- 101-119.

Sy TS T AR R Syh RR0s Y (SIDRES RUREEEE Oy REPEVIIG, O SUps o hiohland reports in this series on the Iditarod quadrangle include a geologic map (Miller and Bundtzen, 1994), a area (T. 23 N, R. 49 W.), Little Creek (T. 22 N., R. 51 W.) (Cady and others, 1955), and in the Fourth of Granite Mountain. The Granite Mountain area is favorable for the occurrence of plutonic-related B- Bundtzen, T K., and Laird, G.M., 1982, Geological map of the Iditarod D-2 and eastern D-3 quadrangles,
X);%%sﬁiﬁsiﬁ;i:};;%q:litsi:::r?er :;?iu;_}zll:cgzszzrgi[g::ilﬁ::gtgﬁal;ihb:n # mineral resource assessment of the quadrangle (Miller and others, in press), a Au-Ag anomaly map (Gray, July Creek area (T. 30 N., R. 42 W.) (Bundtzen, Laird, and Lockwood, 1988). The occurrence of placer enriched A.g-Sn-polymetallliC vein deposits (Bundtzen and Miller‘, 1997) and the gf:ochemi_cal ax.lomalies in Alaska: Alaska Division of Geological and Geophysical Surveys Geologic Report 72, 1 plate, scale
present locally X Motooka, and O'Leary 1997), and a Cu-Pb-Zn-Sp-W anomaly map (Gray,' Ryder, aqd Ta.ylor,' 1997). The cinnabar alone probably does not represent a significant Hg resource. However, placer cinnabar may help sl:ream-§ed1ment, heavy-mineral-concentrate, and moss samples in area 6 are consistent with this 1:63,360. : ; Lo ‘

geologic map from Miller and Bundtzen (1994) is used as a base map for interpretations in this study. to delineate additional areas favorable for epithermal Hg-Sb vein, granite-porphyry-hosted Au- conclusion. 1983, Geologic map of the Iditarod D-1 quadrangle, Alaska: Alaska Division of Geological and
polymetallic, or plutonic-hosted Cu-Au-polymetallic deposits. Area 7 is defined by samples containing anomalous concentrations of Hg. Bedrock in this area Geophysical Surveys Professional Report 78, 1 plate, scale 1:63,360.
SEDIMENTARY AND VOLCANIC ROCKS INTRODUCTION consists predominantly of intermediate to mafic volcanic flows, tuffs, and dikes that overlie and intrude Bundtzen, T K., Laird, G.M., and Lockwood, M.S., 1988, Geologic map of the Iditarod C-3 quadrangle,
2 E i . it METHODS sedimentary rocks of the Kuskokwim Group (Cady and others, 1955; Miller and Bundtzen, 1994). The Alaska: Alaska Division of Geological and Geophysical Surveys Professional Report 96, 13 p., 1

Tb Basaltic .andeslte (Mlocene)fScattered_ SApataTe of iy 4 ﬁne grained to aphanitic, dark- to During the summers of 1984-86, a reconnaissance geochemical survey was conducted in the DeCourcy Mountain Hg mine that produced over 1,200 flasks of Hg is found in this area; a placer gold plate, scale 1:63,360.
mefilgm-gra y, locally vesicular, augite basaltic andesxt.e = we.st-central part of study area. Iditarod 1° X 3° quadrangle, Alaska. The quadrangle is bounded by latitudes 62°N and 63°N and by Stream-sediment, heavy-mineral-concentrate, and aquatic-moss (bryophyte) samples were prospect with minor placer cinnabar has also been reported on Little Creek (Maddren, 1911; Cady and Bundtzen, T.K., and Miller, M.L., 1997, Precious metals associated with Late Cretaceous-Early
W SGORa0g sineh e l'ocal Sersiboation : : longitudes 156°W and 159°W. The study area is about 6,700 mi’ (17,350 km®) in southwestern Alaska and collected from active channels of perennial first-and second-order streams. The area of most drainage others, 1955). In addition to mineralized rocks at DeCourcy Mountain, altered sedimentary and volcanic Tertiary igneous rocks of southwestern Alaska: Economic Geology Monograph 9, p. 242-

Ty Visleanic aci ot Yetn.a R'“’.’ —_— (et'lrly Tertl.ary Sl it Cretacgous)—Chleﬂy apasal it includes the Beaver Mountains and part of the Kuskokwim Mountains (see map). Part of the Innoko basins ranged from 1 mi’® (2.6 km®) to about 5 mi> (13 km?). The sampling density was approximately 1 rocks containing quartz-calcite veins collected in the area contain as much as 110 ppm As, 0-?2 ppm Hg, 286. 1
lava flows of and.e_s1te, dac1te., f‘hYOllte, and minor basalt and subordinate welde:d t°. National Wildlife Refuge is in the northwestern corner of the quadrangle. Few roads exist in the sample locality per 9 mi’ (23 km?). and 10 ppm Sb (McGimsey and others, 1988). In this area, 5 stream-sediment samples contain 0.80-5.1 BundtZt?n, T.K.,. N.Illlerz M_.L., Laird, G.M., and Bull, K.F., 1992, Geology and mineral resources of the
nonwelded thyolitic to andesitic ash-flow tuffs. Ou.tcrops ¥ revble Sutnd maidly in st quadrangle and access to much of the study area is limited to travel by aircraft or by foot on various trails. In this study, 1,151 stream-sediment samples were collected, sieved to minus-80-mesh, ground, ppm Hg, and 1 heavy-mineral-concentrate sample contains greater than 5 percent microscopically visible Iditarod mining district, Iditarod B-4 and eastern B-5 quadrangles, southwestern Alaska: Alaska
biuffs and occasionally on rounded hill tops as tors; columnar-jointed andesitc is prosent ncar Boat access is possible on some larger rivers. and chemically analyzed. There were 799 panned-concentrate samples collected that were sieved to minus- cinnabar. Gray, Motooka, and O’Leary (1997) report a single locality Au anomaly on Little Creek. Other Division of Geological and Geophysical Surveys, Professional Paper 97, 46 p.

; VAR Rem.d LT, 28 N".R' N.). el Haeiomass ronghty .estlmated - 5(.)0 > . The terrain is dominated by low rolling hills and broad, sediment-filled lowlands. This terrain is 30-mesh, separated in bromoform, and then further separated magnetically to obtain a nonmagnetic heavy- significant geochemical anomalies were not found in stream-sediment and heavy-mineral-concentrate Bundtzen, T.K., Miller, M.L., Laird, G.M., 1986, Prospect examination of the Wyrick placer/lode system,
Iditnrod Velcanies fonrly Tertiury sad Late Shwihmenmes)—Daminmtly subserial volcanic best exemplified by the Kuskokwim Mountains in the central part of the quadrangle. Rugged topography mineral-concentrate sample. The nonmagnetic heavy-mineral-concentrate samples were split, and one split samples collected in area 7. Area 7 is favorable for epithermal Hg-Sb vein deposits. Granite Creek, Iditarod-George mining district, Iditarod B-2 quadrangle, Alaska: Alaska Division of
rocks consisting of » heterogenecus basal unit (fuff, altéred flows, and aloaiiiptic Torees characterizes the Beaver Mountains and a few other mountain peaks scattered throughout the quadrangle. was ground for semiquantitative spectrographic analysis (SQS) and the other split was saved for Stream-sediment and moss samples containing anomalous concentrations of Hg, Sb, or As in the Geological and Geophysical Surveys Public-data File 86-29, 10 p., 1 plate, scale 1:63,360.
overlfun by‘ malle: i " lava} AN Id1ta1'od. Volcam(.:s i 5.00—.600 Bk The maximum elevation in the quadrangle is 4,055 ft (1,236 m) in the northern Beaver Mountains. Much mineralogy identification. vicinity of Donlin Creek define area 8. Bedrock in this area consists of sedimentary rocks of the - Cady, W.M., Wallace, R.E., Hoare, J.M., and Webber, E.J., 1955, The central Kuskokwim region, Alaska:
" overl.l . sedlmental:y sk S epslomin Seai. Le s e qivided iwo; : of the western part of the quadrangle is low and swampy, particularly in the Yetna and Iditarod River Aquatic-moss samples were collected at 863 sites, preferentially near or just above the present Kuskokwim Group intruded by several granite porphyry dikes. Stibnite prospects containing anomalous U.S. Geological Survey Professional Paper 268, 132 p.

b Al % anaoty subaen.al M SRE M mgﬁc oS l?l:eCCIH (early"I.‘ertu.lr'y g basins where the minimum elevation is about 100 ft (30 m). Most of the quadrangle is covered with water level from boulders or dead-fall vegetation in the active stream channel. Moss from the channel concentrations of Au, Ag, Hg, Sb, and As are known in this area (Cady and others, 1955; McGimsey and Church, S.E., Mosier, E.L., and Motooka, J.M., 1987, Mineralogical basis for the interpretation of multi-
Late Cretaceous)—Subserial, locally columnar jointed, SEARENS 10 parpRyTitis, Sliving vegetation that ranges from northern latitude forest to subarctic tundra. walls or overbank was collected in the absence of moss withiri the active stream channel. Moss and others, 1988; Gray and others, 1990). Placer gold mines in this area have recovered over 24,000 oz of gold element (ICP-AES), oxalic acid, and aqua regia partial digestions of stream sediments for
chnopy'roxene basaltlf: andesite, clmopy.ro.xene andesite, - d minor <.iac1te; vo_l canic breceia sediment trapped within the moss were collected together as one sample, and the sediment was later (750 kg) (Bundtzen and Miller, 1997) and a gold lode deposit in the Donlin Creek area is estimated to reconnaissance geochemistry: Journal of Geochemical Exploration, v. 29, p. 207-233.
locally interfingers with flow rocks. Unit is generally resistant, forming prominent blocky GENERAL GEOLOGY removed by agitating the samples in water (Arbogast and others, 1991). When all of the sediment was contain about 3,600,000 oz of gold (112,000 kg) (Bundtzen and Miller, 1997; Millholland and Freeman, Cobb, E.W., 1972, Summary of references to mineral occurrences (other than mineral fuels and
outcrops and tors haer ridget(?ps. Unit is roughly 150 to 250 m thick and contact with removed, the moss samples were dried, ground, ashed, and analyzed by SQS. 1997). In area 8, there are 3 stream-sediment samples containing 41-110 ppm As, 1 of which contains 1.6 construction materials) in the Iditarod and Ophir quadrangles, Alaska: U.S. Geological Survey Open-

L underlying unit Klt.may be disconformable. R The map shows the geology of the quadrangle as described by Miller and Bundtzen (1994). The All of the 1,151 stream-sediment samples collected were analyzed for Sb. However, because of ppm Hg, 1 moss sample contains 200 ppm Sb, and 3 moss samples contain 2,000-5,000 ppm As. In File Report, 76-576, 101 p., 1 plate, scale 1:250,000.

Kit Tuff, volcanic breccia, altered andesitic to dacitic flows, and volcaniclastic sandstone (Late following descriptions are summarized from their work, but additional details of the geology of the numerous other element analyses, sufficient material was only available for Hg and As analyses for 1,103 addition, Gray, Motooka, and O’Leary (1997) delineate part of area 8 as having anomalous concentrations Gray, J.E., Arbogast, B.F., and Hudson, A.E., 1988, Geochemical results and sample locality map of the
Cretaceous)—Heterogeneous assemblage charac_terized by tuff (_lithic, c.rystal, anq wat;r— quadrangle are given in Miller and Bundtzen (1994). Bedrock of the Iditarod quadrangle can be broadly stream-sediment samples. The 799 heavy-mineral-concentrate samples collected were microscopically of Au and Ag, but the Hg-Sb-As anomaly shown on the map is slightly larger and includes the Snow Gulch stream-sediment and nonmagnetic, heavy-mineral-concentrate samples for the Iditarod quadrangle,
laid) and altered intermediate lava flows; lqcally includes volcanic breccia, voleaniclastic subdivided into (1) displaced slices of pre-Cretaceous rocks that are found in narrow fault bounded belts, examined for their mineralogical content, but only 662 concentrate samples contained sufficient material drainage. Separate single-locality heavy-mineral-concentrate anomalies for Sn (greater than 2,000 ppm) Alaska: U.S. Geological Survey Open-File Report 88-221, 69 p., 1 plate, scale 1:250,000.
sandstone, snd lshar deposits. Total it thicknessestimated 1o be around 350 m. Unit muay be and (2) overlap assemblages of Cretaceous and younger sedimentary, volcanic, and plutonic rocks that for Sb and As determinations. All 863 aquatic-moss samples were analyzed for Sb and As. Heavy- and W (1,000 ppm) are also found in area 8 (Gray, Ryder, and Taylor, 1997). Anomalous concentrations Gray, J.E., Frost, T.P., Goldfarb, R.J., and Detra, D.E., 1990, Gold associated with cinnabar- and
correlative with unit Kka constitute about 95 percent of the bedrock in the quadrangle (Miller and Bundtzen, 1994). The overlap mineral-concentrate and moss samples were not analyzed for Hg. of Hg, Sb, and As in area 8 suggest the area is favorable for the occurrence of epithermal Hg-Sb vein stibnite-bearing deposits and mineral occurrences in the Kuskokwim River region,

Kuskokwim Group (Late Cretaceous; Campanian to Cenomanian)—In map area, the assemblages have experienced at least two periods of open to isoclinal folding that includes a well- Stream-sediment samples were analyzed for Hg using a cold-vapor atomic absorption deposits and granite-porphyry-hosted Au-polymetallic deposits (Bundtzen and Miller, 1997). southwestern Alaska, in Goldfarb, R.J., Nash, T.J., and Stoeser, J.W., eds., Geochemical
Kuskokwim Group consists predominantly of sedimentary rocks but also has minor, expressed generally northeast-trending earlier event and a poorly expressed north-trending later event. The spectrophotometry method described by Kennedy and Crock (1987). The stream-sediment samples were Area 9 is at the headwaters of Moore and Bonanza Creeks near Camelback Mountain. The Studies in Alaska: U.S. Geological Survey Bulletin 1950, p. D1-D6.
interbedded volcanic tuff and flow rocks primarily In upper part of seghion. Th? sed.lmentary Iditarod-Nixon Fork Fault is a major northeast-trending strike-slip fault that bisects the quadrangle. The also analyzed for a multi-element suite (including As) using an inductively coupled plasma (ICP) technique geology consists primarily of sedimentary rocks of the Kuskokwim Group and a small volcano-plutonic Gray, J.E., Gent, C.A., Snee, L.W., and Wilson, F.H., 1997, Epithermal mercury-antimony and
rocks represent turbidite fan, foreslope, shqllowjmanne, and shelf facies deP os1Fed into a Late Dishna River Fault lies in the north-central part of the quadrangle and defines the southeast side of the modified from Church and others (1987). In addition, the stream-sediment, heavy-mineral-concentrate, and complex underlying Camelback Mountain along the northeast part of area 9. The geology is similar to that gold-bearing vein deposits of southwestern Alaska: Economic Geology Monograph 9, p.
Cretaceous basin. The Kuskokwim Group is estimated to average 2,200 m in thickness northeast-trending belt of pre-Cretaceous rocks (Miller and Bundtzen, 1994). moss samples were analyzed for Sb and As using the multi-element SQS technique described by Grimes in area 2, but the area 9 anomaly is discontinuous from area 2. In or near area 9 are altered sedimentary 287-305.
northeast of the Iditarod-Nixon Fork Fault, but may be as much as 5,000 m thick southeast of Late Cretaceous sedimentary rocks of the Kuskokwim Group (Cady and others, 1955) is a and Marranzino (1968). Geochemical data for the stream-sediment and heavy-mineral-concentrate samples and volcanic rock hornfels, altered monzonite, and quartz veins cutting sedimentary rocks of the Gray, J.E., Goldfarb, R.J., Detra, D.E., and Slaughter, K.E., 1991, Geochemistry and exploration
the fault. In this area, divided into: . ; regionally extensive basin-fill sequence found throughout southwestern and west-central Alaska and is the are listed in Gray and others (1988), Motooka and others (1988), and Hopkins and others (1991). Kuskokwim Group containing as much as 12 ppm Ag, 0.2 ppm Au, 710 ppm As, 5.1 ppm Hg, 70 ppm Sb, criteria for epithermal cinnabar and stibnite vein deposits in the Kuskokwim River region,

Kkq Quartzose sandstone and siltstone (Late Cretaceous; Campanian to Turonian?)— dominant bedrock in the Iditarod quadrangle. Rocks of the Kuskokwim Group represent turbidite fan, Mineralogy data appear in Bennett and others (1988). Geochemical data for the moss samples are found in 891 ppm Cu, 35 ppm Cd, 16,800 ppm Mn, 500 ppm Pb, 600 ppm Zn, and greater than 2,000 ppm B southwestern Alaska: Journal of Geochemical Exploration, v. 41, p. 363-386.

Quartzose sublithic sandstone, conglomerate, siltstone, and siliceous shale representing foreslope, shallow-marine, and shelf facies deposited in a Late Cretaceous basin, but subordinate shallow- Arbogast and others (1991). Histograms for the data used in this report are shown in figure 2. (Bundtzen, Laird, and Lockwood, 1988; McGimsey and others, 1988). Area 9 includes 2 stream-sediment Gray, J.E., Motooka, .M., and O'Leary, R.M., 1997, Geochemical map showing the distribution of
shallow-marine and locally non-marine facies. Unit is estimated to be 600 m thick and basal marine and fluvial strata were deposited along the basin margins (Miller and Bundtzen, 1994). Rocks of samples that contain 0.82 and 0.96 ppm Hg, 2 heavy-mineral-concentrate samples containing as much as 20 anomalous concentrations of gold and silver in stream-sediment, heavy-mineral-concentrate, and
part interfingers with deeper water facies rocks of unit Kk_s- Lower age limit ‘_)f ‘_mit is the Kuskokwim Group consist primarily of intercalated sandstone, shale, chert, and conglomerate (Kks, RESULTS percent cinnabar, 4 stream-sediment samples containing 15-140 ppm As, and 1 moss sample that contains aq}latic-moss salpples col_lected from the Iditarod quadrangle, Alaska: U.S. Geological Survey
speculated to be Turonian based on interfingering with unit Kks. Upper age limit at least as Kkq), but they also include interbedded volcanic tuff and flow rocks (Kka, Kkt, Kkv). Volcano-plutonic ’ : il ) : 2,000 ppm As. A slightly larger area that contains anomalous concentrations of Zn and W in part overlaps Miscellaneous Field Studies Map, MF-2219-D, scalt.: 1:250,000.

young as Campanian but not younger than Paleocene. complexes intrude or overlie rocks of the Kuskokwim Group at many localities such as the Beaver \ The data used for this report include Hg concentrations in stream-sediment samples; Sb contents in with area 9, but is displaced to the west (Gray, Ryder, and Taylor, 1997). Arear9 is favorable for plutonic- Gray, J.E., Ryder, J.L., and Taylor, C.D., 1997, Geochemical map showing the distribution of anomalous

Kks Sandstone, siltstone, shale, and conglomerate (Late Cretaceous; Campanian? to Mountains, Camelback Mountain, Swinging Dome, Chicken Mountain, Granite Mountain, Mount Joaquin, nonmagnetic heavy-mineral-concentrate and moss samples; As concentrations in stream-sediment, heavy- related B-enriched Ag-Sn-polymetallic deposits (Bundtzen and Miller, 1997) and possibly also epithermal concentrations of copper, lead, zinc, tin, and tungsten in stream-sediment and heavy-mineral-
Cenomanian)—Thick assemblage of fine- to coarse-grained lithic sandstone, micaceous Taketna Ivfountain and VABM T,atalina (Miller and Bundtzen, 1994). Volcanic rocks of these complexes mineral-concentrate, and moss samples; and the estimated abundance of cinnabar in nonmagnetic heavy- Hg-Sb vein deposits. concentrate samples collected from the Iditarod quadrangle, Alaska: U.S. Geological Survey
siltstone, shale, and minor chert-pebble conglomerate that forms the major part of the consist primarily o,f Late Cretaceous and early Tertiary andesitic to basaltic flows (Kit and TKil) that mineral-concentrate samples. No stream-sediment samples were found to contain Sb above the lower limit An area that has predominantly Hg anomalies delineates area 10 and is near the headwaters of Miscellaneous Field Studies Map, MF-2219-E, scale 1:250,000.

Kuskokwim Group in the map area. Structures and compositions indicate that unit Kks was together constitute the Iditarod Volcanics (Miller and Bundtzen, 1994). The volcanic rocks are generally in of determination (100 ppm), and thus Sb in stream sediment could not be used in this study. The First Chance and Hickey Creeks. Numerous intermediate to mafic dikes intrude sedimentary rocks of the Grimes, D.J., and Marranzino, A.P., 1968, Direct-current arc and alternating-current spark emission
primarily deposited by turbidity currents. Total thickness of unit is poorly known but may be faﬁlt contact with or overlie comagmatic monzonite, quartz mm;zonite syenite, granodiorite, granite, and mineralogic study revealed cinnabar as the most useful mineral indicative of upstream Hg, Sb, or As Kuskokwim Group in the vicinity of the anomaly. No mines or prospects are known from this area, but spectrographic field methods for the semiquantitative analysis of geological materials: U.S.

as much as 5,000 m. Upper age limit is not clearly defined but must be older than the minor lamprophyric plutons (TKm). At the contact; with the plutons ,v olean c, A en;ary - cl; mineralized areas. Stibnite was recognized in only 15 of 799 heavy-mineral-concentrate samples and altered mafic dikes in area 10 contain as much as 2.4 ppm Hg and 14 ppm Sb (McGimsey and others, Geological Survey Circular 591, 6 p.

youngest part of unit Kkgq, which generally overlies unit Kks Rt e coats Cobar L ate C.retaceous and Tertiary igneous ro,cks include: (1) an extensive field of arsenopyrite was found in only 2 concentrate samples, whereas cinnab?r was ob_serve-d in 201 of the' : 1988). Area 10 is defined by 4 stream-sediment samples that contain 0.90-22 ppm Hg, 3 heavy-mineral- Hawley, C.C., Martinez, E.E., and Marinenko, J.W., 1969, Geochemical data on the south ore zone, White

Kkt Volcanic tuff and agglomerate (Late Cretaceous)—Heterogeneous assemblage of tuff, Sl ot e volcan.ic rocks of the Yetna River area (TKy) that covers much of the western part of the concentrate samples. ‘Thu‘s, stibnite and arsenopyrite were not bene-ﬁclal. fqr delmeatlr.lg areas containing concentrate samples that contain as much as 50 percent microscopically visible cinnabar, and 1 heavy- Mountain_ mine and on the gold content of other mercury ores, southwestern Alaska: U.S. Geological
agglomerate, cherty tuff, and locally minor sandstone that crops out in isolated areas. e i i 11 dikes of intesiedine to mafic composition (TKd) Send throughout the quadrangle. anomalous Hg or Sb in this study. All anomalies were selected by identifying breaks in the frequency mineral-concentrate sample containing 1,000 ppm Sb. A Au-Ag anomaly was also delineated in this area Survey Circular 615, p. 16-20.

Lithologically and petrographically identical to unit Kit; the two units are distinguished only QUDETREE ) tslma & " e atel 5l TK 4 dp e TK 4.(5) alkali it ? distribution of each data set, generally between the 95th and 98th percentiles. A summary of the data used (Gray, Motooka, and O’Leary, 1997), as well as a Cu-Pb-Zn-W anomaly (Gray, Ryder, and Taylor, 1997). Hopkins, D.M., Gray, J.E., McDougal, C.M., and Slaughter, K.E., 1991, Mercury, gold, thallium, and
by their associated rocks. Unit Kkt is apparently interbedded with sedimentary rocks (Kks) of (3) gr ar.ute porphyry dikes, sills; and plugs ( gp), {5 Gasito-onne i ( ), and (5) afE 11gr i in this report is presented in Table 1. Anomalous concentrations of Hg and Sb in samples collected in area 10 indicate this area is favorable for tellurium data and sample locality map of stream-sediment samples from the Iditarod quadrangle,
Kuskokwim Group, whereas unit Kit is spatially associated with massive flow rocks of unit (TKg) in the western part o'f the quadrangle.(Mlller and ].Bundtzefl, 1994). Minor exposures 0 Farly On the map, 16 areas contain sample localities that have anomalous concentrations of Hg, Sb, or the occurrence of epithermal Hg-Sb and Au-Ag vein deposits. Alaska: U.S. Geological Survey Open-File Report 91-283-A, 37 p., 1 plate, scale 1:250,000.

TKil but could either overlie, or locally interfinger with, the Kuskokwim Group. Unit Cretace.ou‘s sandstone and siltstone (K§), Miocene basaltic andesite (Tb), and a small early Tertiary As. ‘All of these areas are spatially associated with Late Cretaceous and Tertiary igneous rocks that intrude Area 11 is delineated by primarily Hg anomalies from samples collected on the George River, Jasper, M.W, 1963, Harvison mercury prospect: Alaska Division of Mines and Minerals, Report for the
assigned a Late Cretaceous age based on apparent interbedded relation with unit Kks granodiorite plug (Tp) are .also found in the quadrangle. T y se‘dimentary rocks of the Kuskokwim Group. Seven of the areas are near volcano-plutonic comple)_(es and Banner Creek, and Moore Creek. This area is generally underlain by sedimentary rocks of the Kuskokwim year 1963, p. 51-52.

Kka Altered andesite flows, tuffs, and sills(?) (Late Cretaceous; Campanian)—Unit crops out in Volumetrically minor pre-Cretaceous rocks are divided into four narrow, northeast-trending fault 9 are near felsic to mafic intrusions or volcanic flows. Samples from several other scattered localities Group, but a dacite-andesite plug and small granite porphyry dikes are also found there (Miller and Jones, D.L., Silberling, N.J., Coney, P.J., and Plafker, George, 1987, Lithotectonic terrane map of Alaska
the Mosquito Mountain area (southwestern part of the quadrangle) and consists of 1- to 5-m- bounded units in the west-cen'tral part of the quadrangle. The two f)ldcr l_ml_ts (Prc_;terozow to Pa}leozoxc contain anomalous concentrations of Hg, Sb,. or A_S- These §1ng1e-s1te apomahes are dlfﬁc_lllt to explz.:lm, but Bundtzen, 1994). No mines, prospects, or mineral occurrences are known in this area; however, a sample (west of the 141* meridian): U.S. Geological Survey Miscellaneous Field Studies Map, MF-1874-A,
thick layers of intermediate igneous rocks apparently interbedded with unit Kkq. The flows age) hid me@gomhqsed continental rocks and the younger two units (Mississippian fmd Jurassic age) are they may suggest the presence of less extensive cinnabar-stibnite deposits. These single-site anomalies are of dacite contains 1 ppm Ag (McGimsey and others, 1988). Area 11 is defined by 6 stream-sediment scale 1:2,500,000.
and tuffs are andesitic in composition and have 15-30 percent phenocrysts of plagioclase, S U (Mll!er and Bundtzen, 1994). The oldest FOCkS e M Protergzmc S (.)f th.e st not discussed further. : : samples containing 1.4 to greater than 34 ppm Hg, and 8 heavy-mineral-concentrate samples contain as Kennedy, K.R., and Crock, J.G., 1987, Determination of mercury in geological materials by continuous
oxidized amphibole, clinopyroxene, magnetite, and local biotite in a groundmass of felted Com.p.lex (X.'), .V‘{hlch 1sa frflgment Of: me.tamorphosed coytmental crust that'cons1sts of amphibolite grade Some of the Hg, Sb, or As anomalies overlap the Au-Ag anomalies (Gray, Motooka, and O’ Leary, much as 50 percent microscopically visible cinnabar. Approximately the western one-half of area 11 was flow, cold-vapor, atomic-absorption spectrophotometry: Analytical Letters, v. 20, p. 899-908.
plagioclase laths, opaque oxides, and accessory apatite. Tuffs characterized by broken crystals granitic to dioritic orthognexss., amphibolite, and metaseqlfnentary roc;ks _(Mlller and Bundtgen, 1994). 1997) or Cu-Pb-Zn-Sn-W anox_nalles (Gray, Ry(%er, and_ Taylor, 1997). The anorpahes des-lgnated in this designated by Gray, Motooka, and O’Leary (1997) as having anomalous concentrations of Au and Ag. Maddren, A.G., 1911, Gold placer mining developments in the Innoko-Iditarod region: U.S. Geological
and abundant andesite lithic fragments Isotopic data indicate a PTOt(_’hth age of 2.06 C{a for granitic o1rthogx{mss n th? complex (Miller aqd others, stufiy are numbered to be consistent (when p_oss1b1e) with othpr USGS geochermcal maps in the Iditarod However, the area outlined by Hg anomalies is larger, extending into additional streams east of the Au-Ag Survey, Bulletin 480, p. 236-270.

Kkv Volcanic flow(s) and tuff (Late Cretaceous)—Hornblende-clinopyroxene andesitic volcanic 1991). Anf)ther belt of c'qntmental Tocks consists _of green'schlst facies meta-igneous and metasednpentary series. For examp.le, area 1 (Beaver Mountains) correlates with area 1 in Gray, Motooka, and O’Leary anomaly. A Cu-Zn-W anomaly overlaps with area 11 as well (Gray, Ryder, and Taylor, 1997). Cinnabar McGimsey, R.G., Miller, M.L., and Arbogast, B.F., 1988, Paper version of analytical results, and sample
flow(s) and chlorite-, calcite-altered tuff. Unit poorly exposed and found only in one area (T. rocks of middle Paleozoic and possibly Proterozoic protolith age (P:2g). These rocks are characterized by (1997) and area 1 in Gray, Ryder, and Taylor (1997). _ and Hg anomalies in stream-sediment and heavy-mineral-concentrate samples indicate that area 11 is locality map for rock samples from the Iditarod quadrangle, Alaska: U.S. Geological Survey Open-
27 N., R. 42 W.); estimated to be no more than 20 m thick. Assigned a Late Cretaceous age mafic greenschist, lesser _pelltlfi schist, phyllite, calcareous schist, quartzite, and minor graylt{c 9rth_ogne1ss Area 1 is in the B'e_aver Mountains and is one of the la_rgest areas designated on the map. The area favorable for epithermal Hg-Sb vein deposits. File Report 88-421-A, 110 p., 1 plate, scale 1:250,000.
based on apparent interbedded relation with unit Kks that are possibly correlative with ro_cks of the Ruby terrane of Jones ar}d others (1987). Mississippian to is deﬁm?d by sample lgcahtles that have anorpalous concentrations of Hg, S‘p, and As. The .Be'aver ; Area 12 is underlain by sedimentary rocks of the Kuskokwim Group that are cut by granite Mertie, J .B.‘, Jr., 1936, Mineral deposits of the Ruby-Kuskokwim region, Alaska: U.S. Geological Survey

Ks Sandstone and siltstone (Early Cretaceous)—Medium-grained to very fine grained sandstone, Triassic oceanic crustal and volcanic-arc rocks (:ﬁ Mc) are alsp found in the belt of pre;Cretacc;ous 'ro<.:ks Mountay]_s are underlap by a volcano-plutpmc complex tha}t includes mtrusmns- of monzodiorite to syenite porphyry. Sedimentary rock hornfels is found adjacent to the granite porphyry (Miller and Bundtzen, ; Bulletin 864-9, p. 115-247. ;
tuffaceous sandstone, and siltstone exposed only as colluvial chips in western part of map area (Miller and Bundtzen, 1994). These rocks consist qf radl‘olanan chert, basalt to basaltic andesite, lithic tuff, composition, 1ntermed1'ftte to mafic volcam.c rocks, and sedimentary and. volcanic rock hornfels; i 1994). No mines, prospects, or mineral occurrences have been reported in the area. The anomaly is near Miller, M.p., Belkin, H.E., Bl'odgett, R.B., Bundtzen, T.K., Cady, J.W., Goldfarb, R.J., Gray, J.E.,

RMc Chert, volcanic rocks, metasandstone, and limestone (Triassic to Mississippian)—Radiolarian metasiltstone, and minor limestone that are correlative w1t?1 rocks of the Innoko terrane of Jones and others intermediate to ma}ﬁc dikes are also fqund in the area (Bundtzen and Laqd, 1983). Several plu.tomc-related the peak George (1,686 ft) where alt_ered gra.mte porphyry, sedimentary rock hornfels, hornfels containing McGimsey, R.G., and Simpson, S.L., 1989, Pre-field stud‘y and mineral resource assessment of the
chert (partly to wholly recrystallized), clinopyroxene basalt to basaltic andesite, lithic tuff, (1987). Mafic and ultramafic rocks (Jdr) of the Dishna River area are the youngest of the pre-Cretaceous Ag-Sn-polymetallic prospects containing base-metal sulfides are known in the Beaver Mountains quartz-stibnite veins, and vein breccia contain as much as 0.25 ppm Au, 610 ppm As, 10,000 ppm Sb, 150 _ Sleetmute quadrangle, southwestern Alaska: U.S. Geological Survey Open-File Report 89-363, 115 p.
water-laid tuff, metasiltstone, and minor fossiliferous shallow-water limestone. Unit primarily rocks (Miller and Bundtzen, 1994). These rocks consist generally of greens.chlst facws mafic focks and (Bundtzen'and Laird, 1982; Bundtzen and Mlller,'1997). In area 1, numerous samples contain anomalous ppm Cu, 1.5 ppm Cd, 200 ppm Sn, and greater than' 14 ppm Hg (McGimsey and others, 1988). Arga 12 is Miller, M.L., Bradshaw, J .Y., Kimbrough, D.L., Stern, T.W., and Bundtzen, T.K., 1991, Isotopic evidence
exposed along the Dishna River Fault Zone in the north-central part of the map area; however, serpentinized ultramafic rocks of probably ophiolitic origin that are correlative with the Jurassic ophiolites concentrations of Hg, Sb, or As. Four stream-sediment samples contain 0.95-6.6 ppm Hg and 21 samples delineated by 2 stream-sediment samples that contain 1.2 and 5.0 ppm Hg; 1 of these samples contains 16 for Early Proterozoic age of the Idono Complex, west-central Alaska: Journal of Geology, v. 99, no.
six small occurrences, interpreted as fault slivers, are scattered throughout the northeastern of the Tozitna-Innoko belt of Patton and others (1989a). contain 15-180 ppm As. In ad@1t10n, 11 moss samples contain 200-1,000 ppm As, gnd 2 moss samples ppm As. Therf: are no other geocht?mlcal anomalies in stream sedlment., heavy-r_nmeral—conpentrate, and _ 2, p. 209-223. / .
part of the quadrangle. Prehnite-pumpellyite facies metamorphism is indicated by presence of contain 50 and 70 ppm Sb. This area was also found to have anomalous concentrations of Au and Ag moss samples in area 12. Area 12 is favorable for epithermal Hg-Sb vein deposits and granite-porphyry- Miller, M.L., and Bundtzen, T.K., 1987, Geology and mineral resources of the Iditarod quadrangle, west-
secondary prehnite, chlorite, clinozoisite, and pumpellyite in the volcanic rocks. Unit is MINERAL DEPOSITS (Gray, Motooka, and O’Leary, 1997) and Cu, Pb, Zn, Sn, and W (Gray, Ryder, and Taylor, 1997). hosted Au-polymetallic vein deposits and the Hg and As anomalies in stream-sediment samples presented central Alaska [abs.], in Sachs, J.S., ed., U.S.G.S. Research on Mineral Resources, 1987--Programs
correlative with the Innoko terrane of Jones and others (1987) and Patton and others (1989b) Anomalous concentrations of Hg, Sb, and As in stream-sediment, heavy-mineral-concentrate, and moss here are consistent with both deposit types. and Abstracts: U.S. Geological Survey Circular 995, p. 46-47.

Gold and silver are the most economically significant commodities in the Iditarod quadrangle, for samples collected in this area indicate that the Beaver Mountains are probably most favorable for the Area 13 is on the southern boundary of the Iditarod quadrangle about 6 mi (9.6 km) southeast of Miller, M.L., and Bundtzen, T.K., 1994, Geologic map of the Iditarod quadrangle, Alaska: U.S. Geological
INTRUSIVE AND ULTRAMAFIC ROCKS example, over 1,600,000 oz of gold (49,700 kg) and 240,000 oz (7,500 kg) of silver have been produced occurrence of B-enriched Ag-Sn-polymetallic deposits similar to the Cirque prospect (Bundtzen and Miller, Twin Buttes. In this area, dikes of mafic to intermediate composition intrude sedimentary rocks of the Survey Miscellaneous Field Studies Map MF-2219-A, 1 plate, scale 1:250,000.
mostly from placer mines in the quadrangle (Miller and Bundtzen, 1987; Bundtzen, Cox, and Veach, 1988; 1997). The lack of significant amounts of cinnabar in heavy-mineral-concentrate samples collected in the Kuskokwim Group. No mines are known in area 13, but the Harvison cinnabar vein prospect is about 3 mi Miller, M.L., Bundtzen, T.K., and Gray, J.E., in press, Mineral resource assessment of the Iditarod

Tp Porphyritic granodiorite plug (early Tertiary)—Unit consists of one exposure in T. 28 N., R. Bundtzen and Miller, 1997); additional estimated gold reserves in the quadrangle exceed 4.1,500,00.0 0z Beaver Mountams suggests that the area probably has low favorability for the occurrence of epithermal Hg- (5 km) to the southeast in the Sleetmute quadrangle (Jasper, 1963). Although the Harvison prospect is not quadrangle, Alaska: U.S. Geological Survey Miscellaneous Field Studies Map MF-2219-B, scale
46 W. Small granodiorite body containing abundant phenocrysts of hornblende and albitic (140,000 kg) (Bundtzen and Miller, 1997). However, epithermal cinnabar and stibnite vein deposits, Sb deposits. . . : T in area 13, the geology and geochemistry (primarily Hg) for both are comparable, suggesting that similar . 1:250,000. :
plagioclase in finer-grained, phaneritic groundmass representing significant Hg and Sb resources, are found in a belt covering several tens of thousands of _ Areas 2-6 are ass9c1ated w1th.volcano—plutomc complexes similar to, but generally smaller than, cinnabar vein deposits in the vif:inity are possible. An_altered sedimgntary rock collected about 1.5 mi (2.5 Millholland, Madelyn, and Freeman, C.J., 1997, Exploration Review, Alaska: Society of Economic

TKgp Hypabyssal granite porphyry dikes, sills, and plugs (early Tertiary and Late Cretaceous)— square kilometers in the Kuskokwim River region, which i1.1cludes pgn of the I_ditarod qqadrangle : that in the Beaver Mountains. Area 2 includes parts of Moore,‘ Maybe, Deadwood, aqd Fourth of July km) northwest of area 1:_3 contains 0.14 ppm .Hg and 8 ppm Sb (McGimsey and others, 1988). This area is Geologists Newsletter, no. 28.p.32. : _
Porphyritic to fine-grained phaneritic dikes, sills, and plugs of granitic composition. (Sainsbury and MacKevett, 1965). The first cinnabar lode in the region was discovered in 1838 by Russian Creeks where placer gold has been found (Brook§,_l?12; Mertle, 1936; Bundtzen, Liiurd, .and Lockwqod, defined by 2 stream-sediment samples containing 1..6 and greater than 34 ppm Hg,' and thc? l.1eavy.-1mneral- Motooka, J.M., Gray, J .E., Erlich, Olga, and Vax'lTrump, George, 1988, Analytical d.ata and sample locality
Phenocrysts of biotite + quartz + plagioclase + sanidine + white mica + trace garnet compose traders on the Kuskokwim River at Kolmakof (fig. 1) in the Sleetmute quadrangle (Cady and others, 1955), 1988; Cobb, 1972). Altered volcanic rocks and silicified sedimentary rock hornfels in this area contain as concentrate samples collected at these 2 sites contain about 1-5 percent microscopically visible cinnabar. map for aqua-regia leachates of stream sediments analyzed by ICP from the Iditarod quadrangle,
as much as 5 percent of most dikes and 20 percent of most plugs; sericitic alteration common about 30 mi (48 km) south of the Iditarod quadrangle. Since that time, numerous cinnabar and stibnite much as 5.1 ppm Ag, 1.4 ppm Au, 15_0 ppm C1-1, 200 ppm Pb,. 10 ppm Hg, ;‘)2 ppm sz and 100 ppm As. Area 13 is favorable for epithermal Hg-Sb vein deposits. Alaska: U.S. Geological Survey Open-File Report 88-290, 66 p., 1 plate, scale 1:250,000.
in groundmass. Biotite generally composes less than 5 percent of the samples, so rocks could deposits have been discovered in the Kuskokwim River region quadrangle (Sainsbury and MacKevett, (McGimsey and thers, 1988). Al_so in area 2 is the teh‘ahgdnte-arsenopynte-tourmalme-scheehte—bearmg A small area that contains anomalous concentrations of Hg defines area 14. This area is at the Patton, W.W., Jr., Box, S.E., and Grybeck, Donald, 1989a, Ophiolites and other mafic-ultramafic
be classified as alaskite 1965). Over 41,000 flasks of Hg (1 flask weighs 76 Ibs or 34.5 kg) have been produced from mines in the Broken Shovel vein lode where mineralized samples contain as much as 555 ppm Ag, 1.6 ppm Au, 5,590 headwaters of Moose Creek where sedimentary rocks of the Kuskokwim Group are intruded by granite complexes in Alaska: U.S. Geological Survey Open-File Report 89-648, 27 p., scale 1:5,000,000.

TKp Pilotaxitic dacite-andesite plugs (early Tertiary and Late Cretaceous)—Three small bodies of Kuskokwim River region, although most of the Hg (about 36,000 flasks) was recovered from the Red Devil ppm As, 4,860 ppm Cu, 1,430 ppm Pb, 2,400 ppm Sb, and 760 ppm Zn (Bundtzen, Laird, and Lockwood, porphyry and intermediate to mafic dikes (Miller and Bundtzen, 1994). No mines or prospects have been Patton, W.W., Jr., Box, S.E., and Moll-Stalcup, E.J., 1989b, Geology of west-central Alaska: U.S.
subvolcanic dacite to andesite are exposed in the east-central part of the quadrangle. Unit is mine in the Sleetmute quadrangle (Miller and others, 1989; Gray and others, 1997). Additional discoveries 1988). In area 2 are 6 stream-sediment samples containing 0.88-7.0 ppm Hg and 5 with 18-30 ppm As. reported in this area, but McGimsey and others (1988) report as much as 2.3 ppm Hg in samples of Geological Survey Open-File Report 89-554, 41 P
moderately resistant and morphology of exposures suggests they are hypabyssal intrusive of cinnabar and stibnite mineral occurrences are likely in the Iditarod quadrangle and throughout Seven heavy-mineral-concentrate samples collected in area 2 contain as much as 50 percent cinnabar, one oxidized sandstone of the Kuskokwim Group and altered granite porphyry. One stream-sediment sample Sainsbury, C.L., and MacKevett, E.M., Jr., 1965, Quicksilver deposits of southwestern Alaska: U.S.
bodies rather than volcanic flows, but they have a distinctive pilotaxitic (flow-oriented) southwestern Alaska because the region has not been well explored and the rocks are poorly exposed or heavy-mineral-concentrate sample contains 5,000 ppm Sb, and 8 moss samples contain 50-200 ppm Sb. A contains 14 ppm Hg, and two heavy-mineral-concentrate samples contain as much as 50 percent cinnabar Geological Survey Bulletin 1187, 89 p.
texture to the fine-grained groundmass covered with vegetation. Cinnabar- and stibnite-bearing deposits and mineral occurrences are the most small, central part of area 2 was found to have anomalous concentrations of Au and Ag (Gray, Motooka, in this area. Anomalous concentrations of Hg reported here suggest that area 14 is favorable for the

TKm Monzonite, quartz monzonite, syenite, granodiorite, granite, and minor lamprophyre (early important type of mineral deposit for interpretations of the geochemistry presented this report. and O’Leary, 1997), and a Pb-Zn-Sn-W anomaly also overlaps with area 2 (Gray, Ryder, and T':_lylor3 . presence of epithermal Hg-Sb vein deposits.

Tertiary and Late Cretaceous)—Small stocks and plutons of fine- to coarse-grained, Deposits of Hg and Sb are found generally in sedimentary rocks of the Late Cretaceous 1997). Area 2 is favorable for the occurrence of plutonic-related B-enriched Ag-Sn-polyme_talhc vein The area 15 As-Sb anomaly is at the headwaters of the Dishna River and Otter Creek. In this area, 159° 156°
phaneritic to hypidiomorphic, clinopyroxene-biotite + olivine monzonite, hornblende- Kuskokwim Group and Late Cretaceous and early Tertiary mafic to felsic dikes, sills, or small stocks that deposits as discussed by Bu.ndtzen and Miller (1997), but possibly. also eplthf:rmal Hg—Sb veins. An se.dimente.lry rocks of the Kusk_okwim Group are intruded by grapite porphyry and intgrmetdiate to_maﬁc e ' . O 63°
clinopyroxene-biotite quartz monzonite, biotite syenite, biotite-hornblende granodiorite, intrude these sedimentary rocks (Sainsbury and MacKevett, 1965;.Gray and others, 1997). .Gray and others important feature of area 2 is the larger extent of. the anomaly outlined here, in comparison to the Au-Ag dikes. M.me.s, prospects, or mmera! occurrences are not known in this area. However, vein bfecc1as and @4" ) ; C‘°®'5¢f
biotite granite, and rare lamprophyric rocks. Composite intrusive rocks are in part overlain by, (1997) used geochemical, isotopic, and age data to suggest that eplthenngl Hg-Sb deposits in sogthwestem anomaly and ext-ent of known Au placer mining in the area. . quartz-stibnite veins are found cutting sedimentary rocks of the Kuskokwim Group and contam' as much as 0@/;’ P % o 2

: and in part intrude coeval volcanic rocks (Iditarod Volcanics) Alaska formed in response to Late Cretaceous and early Tertiary subductlog-related arc magmatism. Area 3 is generally centered aljounfi the welljlcngwn gold placer mines near Flat. Thet Gf)lden' 10,000 ppm Sb, 11 ppm Au, 1 ppm Ag, and greater than 10 ppm Hg and 10,000. ppm As (McGimsey and * 2 k ........... ;(-;o B ix2 -

TKd  Altered intermediate to mafic dikes (early Tertiary and Late Cretaceous)—Porphyritic Cinnabar and stibnite are the dominant ore minerals in veins and vein brec_:clas containing abu_ndanf quartz Horn mine contains quartz-gold-sche.ehte-cmnabar-stlbmte veins, and quartz-gold—cm_nabar—stlbmte veins others, 198_8). Area 15 is defined by 1 heavy-mineral-concentrate sample containing 590 ppm Sb, 2 e 3 2 2 '% :
biotite-clinopyroxene-plagioclase + olivine dikes, which are partly to extensively altered to and carbonate gangue; subordinate realgar, orpiment, native mercury, pyrite, gold, hematite, limonite, and have been found on Chicken Mountain .(Bundtzen and .others, 1992; Bundtzen and Mlller,_ 1997). The lodes stream-s;dlment samples tl'lat contain 25 and .33 ppm {\s, and 1 moss sample that contains 1,000 ppm As. .%.“_' ; ‘; ) ce*
chlorite-calcite-silica assemblages. Original compositions were probably intermediate to dickite are found locally (Sainsbury and MacKevett, 1965; Gray and others, 1990). .The DeCourcy in this area are associated with monzonite plutons, §ed1mentary rock hor.nfels, or altered .dlkes. Quanz. Area 1.5 is favorable for epithermal Hg-Sb vein deposits and granite-porphyry-hosted Au-polymetallic ‘*'.;' 5 S N o
mafic. Dikes generally are less than 1 m thick, discontinuous, and usually cannot be traced for Mountain mine (T. 23 N., R. 50 W_; fig. 1) is the most significant Hg mine in the Iditarod quadrangle, veins and vein breccias in granite porphyry and sedimentary and volcanic rock hornfels in area 3 contain as deposits (Bundtzen and Miller, 1997). ' _ Q:.‘:x ..... \sf‘ » o 4
more than 10 m. Presence of dike is indicated by “x” on the map for visual emphasis, but having produced over 1,200 flasks of Hg (Cady and others, 1955). At DeCourcy Mountain, quartz- much as 2,000 ppm Ag, 50 ppm Au, 10,000 ppm Sb, 5,000 ppm Cu, 20,000 ppm Pb, 2,000 ppm Zn, 300 The anomaly in area 16 is delineated by samples collected fro'm tributaries on the north side of / ; ?('-.__.""fo
extent of actual exposures is exaggerated carbonate veins and lenses containing cinnabar apd stibnite are found in altered mafic dikes and ppm Cd, 78 ppm Bi, 2,000 ppm W, 200 ppm Sn, and greater thap 10 ppm Hg, 10,00(? ppm As, and 2,000 Fourth of _July Creek. Thls. small area surround.s granite porphyry that mtrud_es se:dimentary rocks of the ® e

TKg  Alkali granite (early Tertiary and Cretaceous)—Poorly exposed, medium-grained, granophyric sedimentary rock_s of the Ku§kokwim Group (Sainsbury and MacKevett, 1965). In soutl?westem Alaska, ppm B (McGimsey and other§, 1988). In this area, 2 stream-sediment samples contain 22 and greater than Kuskokwnp Group. No mines, prospects, or mmergl occurrences are found in this area. In area 16., 1 § oo heooie
alkali granite found as discontinuous rubble cropping out under heavily vegetated cover in the detrital cinnabar in heavy-mineral concentrate san!ples, as well as anomalqus concentrations of: Hg, Sb,.a.nd 34 ppm Hg, at}d 5 stream-sediment sampl.es contain 20-1_99 ppm As. Two heavy—nuneral-concentratg stream-sediment sample _has 19 ppm Hg,. a heav'y-nnneral-concentrate from tl_le same locality contains 7 ek oo‘d‘ &
western part of the map area. All rocks of the unit are light colored (color index <7 percent), As in stream-sediment samples, are most diagnostic when exp19mg for .eplthermal cmnabar-st'lbmte vein samples contain as much as 20 percent mlcroscgplcally visible cinnabar, 1 C(‘n‘]centrate sample contains greater than 5 percgnt microscopically visible cinnabar, 1 moss sample.cm.ltams 150 ppm Sb, and another d@m o"“-)-‘\‘ ¥
but the mafic minerals vary locally. In the southwestern part of the quadrangle (T. 24 N, R. deposits (Gray and others, 1991); these results are consistent with the mineralogy of the deposits. ) Several 1,500 ppm As, and 6 concentrate samples contain 200-10,000 ppm Sb. Additionally, 3 moss samples moss sample contains 2,000 ppm As. The area 16 Hg-Sb-As anomaly indicates the area is probably most ®Fla! @1’ § 4 & \

53 W. and T. 25 N., R. 52 W.) mafic minerals consist of alkali amphibole, pyroxene, and cinnabar-stibnite deposits in southwestern Alaska contain significant concentrations of gold and silver contain 2,000-5,000 ppm As, 1 of which contains 100 ppm Sb. Gray, .Motooka, and O’Leary (1997) favorable for epithermal Hg-Sb vein deposits or granite-porphyry-hosted Au-polymetallic deposits. @ ® P ) 0’5#
biotite, but exposures farther north have biotite (chloritized) only (Hawley and others, 1969; Gray and others, 1990; Bundtzen and Miller, 1997; Gray and c?thels, _1997); asa identified a Au-Ag anomaly, and Gray, Ryder_, and Taylor (1997) outhned_ a C1.1-Pb-Sn-.W anomaly in the ;. g AGRANITE MTNE

Jdr Dishna River mafic and ultramafic rocks (Jurassic)—Assemblage of poorly exposed mafic and result, Bundtzen and Miller (1997) consider these deposits to be epithermal Au-Ag depos_lts. Epthermal Flat area. Thus, area 3 is favorable for plutomc-hosted Cu-Au polymetallic vein deposits (Bundtzen and CONCLUSIONS { iz
ultramafic rocks in north-central part of quadrangle. Mafic and ultramafic rocks are probably cinnabar and stibnite deposits such as at DeCourcy Mountain are a type of mineral deposit that is favorable Miller, 1997) and epithermal Hg-Sb veins. _ . SR e . : . 2 7 A8
ophiolitic in origin but now occur as isolated, fault-bounded blocks that lie along the Dishna in many areas in the Iditarod quadrangle. . Area 4 includes streams dra'mmg Mount Jc?aq_um where Bupdtzen and Laird (1983) reported a 'There are 16 areas 1de-nt1ﬁed in this study in w.hlch stream-sediment, heavy-n}meral-concentrate, AR LA PR e Q
River Fault Zone. Mafic rocks include two-pyroxene gabbronorite, clinopyroxene + Stibnite-rich lodes are known in the Donlin Creek area (T. 23 N., R. 49 W.), Granite Creek (T. 26 prospect that has cinnabar ore and minor ars?nopyrlte in monzod}onte; rock samples from the prospect or aquatic-moss samples contain anomalous concentrations of Hg, Sb,_ or As. Anomalies for 8 of the areas < SRl S {
hornblende gabbro, hornblende gabbro, and diabase. Ultramafic rocks include harzburgite, N., R. 42 W.), Julian Creek (T. 25 N., R. 44 W.), and at the Independence gold mine (T. 33 N., R. 38 W.) contain 0.24 ppm Au and 0.8 ppm Ag. In this area, 3 stream-sednpent samples contain 1.3-22 ppm Hg, and (areas 1-5, 7, 8, 9) surround areas where Hg-Sb, Cu-Pb-Zg, Au-Ag vein lodes., BRI AN RECUITENCES Are .~ St o e g ol e AR S SRR L
minor dunite, and rare pyroxenite, all partially to completely serpentinized. Unit assigned a (Cady and others, 1955; Bundtzen and others, 1986; Bundtzen and Miller, 1997). The I_ndependence mine the heavy—mineral-conceph‘ate samples cp!lected atall 3 of .these sites contame_d as much as 20 percent known. Areas 6 and 10-16 consist of terrain where no mines, prospects, or mineral occurrences h?ve been IDITAROD QUADRANGLE it
Jurassic age based on correlation with lithologically similar mafic and ultramafic complexes was briefly operated in 1912 and produced about 161 oz of Au (5 kg) (Bun.dtz-en fmd Ml}ler, 1997). Th.e microscopically visible cinnabar. In addition, 1 streamtsedlment sample contains 18 ppm As, 1 moss reported. Areas 1,2,4, 5, 8, and 11 are larger than those identified to have anomalous concentrations of ] X6 ¥
that lie north of the map area (the Tozitna-Innoko belt described by Patton and others, 1989a) lodes consist of small quartz-carbonate veins and vug fillings containing stibnite in granite porphyry dikes, sample contains 100 ppm Sb, and 1 moss sample contains 200 ppm As. Area 4 also has anomalous Au and Ag (Gray, Motooka, and O’Leary, 1997). Areas 1-6 and 9-11 were also found to contain samples

adjacent sedimentary rocks, or at contacts between the two rock types. Clay and sericite gangue are local. concentrations of Au (Gray, Motooka, and O’Leary, 1997) and Zn and W (Gray, Ryder, and Taylor, 1997). that have anomalous concentrations of Cu, Pb, Zn, Sn, or W (Gray, Ryder, and Taylor, 1997). ; i
METAMORPHIC ROCKS Stibnite-rich samples from the Donlin Creek area and Granite Creek have anomalous concentrations of Au However, the area 4 Hg-Sb-As anomaly is slightly larger than the Au and Zn-W anomalies, extending into All of the 16 areas are spatially associated with Late Cretaceous and Tertiary igneous intrusions or g;d.“f-’" i
and Ag (Cady and others, 1955; Bundtzen and others, 1986; McGimsey and others, 1988; Gray and others, additional watersheds on the south side of Mount Joaquin. Area 4 is favorable for the occurrence of volcanic rocks that intrude or overlie sedimentary rocks of the Late Cretaceous Kuskokwim Group. All of HORN{ 5.7 e o A s e

P:Pg  Greenschist, pelitic schist, and metagranite (Paleozoic and Proterozoic?)—Generally poorly 1990; Bundtzen and Miller, 1997). Stibnite-rich lodes, especially those contaix}ing s'igniﬁca.nt gold, are an epithermal Hg-S.b vein and epi_thermal Au'-Ag vein deposits. : : ; the areas containing anomalous congentrgtions of Hg, S!), or As ideqtiﬁed in this study. are consjdered MOUT‘LTAIN B s ‘ J}o

exposed, mixed assemblage of greenschist facies metamorphic rocks including mafic meta- important deposit type in the Iditarod quadrangle and throughout the Kuskokwim River region. Bundzen Area 5 includes Tatalina Mountain where a prospect in Mn-stained and brecciated hornfels favorable for several types of metallic mineral deposits including epithermal Hg-Sb vein deposits, ,5 "---u?ﬁb
igneous rocks, subordinate metasedimentary rocks (pelitic schist, phyllite, calcareous schist, and Miller (1997) describe such deposits as granite-porphyry-hosted Au-polymetallic deposits. contains 0.01 ppm Au and 2-5 ppm Ag, and a heavy-mineral-concentrate sample collected downstream epithermal Au-Ag deposits, granite-porphyry-hosted Au-polymetallic deposits, plutonic-hosted Cu-Au- 3? AT S
and quartzite), and minor granitic orthogneiss. Mafic schists commonly exhibit secondary In addition to Hg-Sb dominant lodes, minor amounts of cinnabar and stibnite are associated with from the prospect contains 0.01 ppm Au, 23 ppm Ag, 5,000 ppm Pb, and microscopically visible galena polymetallic deposits, or plutonic-related B-enriched Ag-Sn-polymetallic deposits. The data presented here 5 *‘
mineral assemblages of epidote-chlorite-hornblende/actinolite-albitic plagioclase-quartz + gold-scheelite-quartz-sulfide-bearing vein deposits in the Iditarod quadrangle, such in tl}e Golden Horn (Bundtzen and Laird, 1983). A silicified sedimc?ntary rock hornfels from Tatalina Mountain contains 33 suggest that during regional reconna_issance sfudies in southwestern Alaska, Hg concentrations greater than ;o
biotite + sphene, indicative of middle greenschist facies, but assemblages characteristic of mine (Bull, 1988; Bull and Bundtzen, 1987; Miller and Bundtzen, 1997). Sugh mineralized quartZ-. ‘ ppm Ag, 0.10 ppm Au, 1,100 ppm As, 9 ppm Bi, 9.12 ppm Hg, 500 ppm Pb, 36 ppm Sb, 200 ppm.Sn, and 0.8 ppm in stream sedi.ments, and microscopically visible cinnab_ar gr'eat.er than about 1 percent in Lo ; _&
lower and upper greenschist facies also occur. Unit is correlative with rocks of the Ruby " carbonate veins are found in monzonite plutons and surrounding hornfels, or in alt_ered mafic to f_elsw dikes 170 ppm Zn, and greater than 2,000 ppm B (McGlmsey and others, 1988). In area 5, 1 stream-sed'lment nonmagnetic hea_vy-mmeral—concentrate samples, are useful for identifying areas favorable for the "";%ﬁ
terrane as outlined by Jones and others (1987) and Patton and others (1989b), and is therefore (Bundtzen and Gilbert, 1983; Bundtzen and others, 1992). These veins may contain gold, sche'ellte, sample contains 1.5 ppm Hg, and the heavy-mmeral-congentrate samp.le:: collected fr(.)m Fhe same .s1te occurrence of epithermal Hg-Sb deposits. L w :
assigned the same age. Unit assigned a Proterozoic(?) and Paleozoic age based on correlation cinnabar, stibnite, arsenopyrite, pyrite, chalcopyrite, galena, and sphalerite (Bull, 1988). Fluorite, ‘contains greater than 5 percent microscopically visible cinnabar. Additional anomalies in area 5 1.nclude 3 T
with rocks of the Ruby terrane tourmaline, and sericite are found in veins and vein breccias near the deposits (Bull and Bundtzen, 19§7). stream-sediment samples containing 15-120 ppm As, 6 hea.vy-mineral-cpncentrate samples contaming 700- ‘ R ; B
Xi Idono Complex (Early Proterozoic)—Foliated metaplutonic rocks, lesser amphibolite, and The Golden Horn mine (fig. 1) is the most significant Au lode in the Flat area and the quadrangle, having 7,000 ppm Sb, 2 heavy-mineral-concentrate s_al.nples containing 1,000 ppm As, 3 moss samplgs containing REFERENCES f}ff_/ffffck §° & %

minor metasedimentary rocks. Outcrop exposure is limited to a dozen localities; frost-riven produced about 2,700 oz of Au (84 kg) and 2,600 oz of Ag (81 kg) (Bundtzen and others,' 1992). ' 200-1,000 ppm As, and 1 moss sample containing 50 ppm Sb. A small part of area 5 was (.ielmeated as 3 ‘2% L \ é’ ?_%
rubble is sparse but widespread. The compositionally diverse metaplutonic rocks consist Bundtzen and Miller (1997) describe the Golden Horn deposit and similar deposits on Chicken Mountain as anomalous in Au and Ag (Gray, Motooka, and O’Leary, 1997), and Pb, Sn, and W anomahes- are also Arbogast, B.F, Erickson, B.M., Gray, J.E., and McNeal, J.M., 1991, Analytical results and sample locality o oéé\ { A 2
primarily of biotite + muscovite granitic orthogneiss but also include orthogneisses of tonalite, plutonic-hosted Cu-Au-polymetallic deposits. Other deposits of this type are possible throughout the found ‘in this area (Gray, Ryder, and Taylor, 1997). However, the area S Hg-Sb—As.: anomaly is %nuch. map of moss, moss-sediment, and willow samples from the Iditarod quadrangle, Alaska: U.S. *é 2
granodiorite, quartz diorite, and quartz monzonite, minor metagabbro, and rare hornblendite. Iditarod quadrangle. larger, and the area includes drainages southwest of Tatalina Mountain where granite porphyry intrusions Geological Survey Open-File Report 91-380-A, 101 p., 1 plate, scale 1:250,000. &,& N el \,\¢°
Texturally, metaplutonic rocks range from slightly foliated varieties to blastomylonitic augen In the Beaver Mountains, the Cirque prospect (T. 32 N., R. 41 W.) and similar lodes consist of and mafic volcanic rocks have been mapped (Miller and Bundtzen, 19?4). AI"ea 5 is favorable for the Bennett, G.J., Gray, J.E., and Taylor, C.D., 1988, Mineralogy and sample locality map of the nonmagnetic, ég ? | 4 3‘1 MILES -7 ¥ :
gneiss. Amphibolite varies little in composition and consists of moderately foliated to well- quartz-tourmaline-axinite-fluorite veins and vein breccias containing chalcopyrite, pyrite, galena, and presence of epithermal Hg-Sb veins deposits, but the Tatalina Mountain area is probably also favorable for heavy-mineral-concentrate samples, Iditarod quadrangle, Alaska: U.S. Geological Survey Open-File & | T T T =L SR eGP
foliated epidote-biotite-hornblende-intermediate plagioclase + garnet + sphene. The well- sphalerite (Bundtzen and Laird, 1982; Bundtzen and Miller, 1997). Tetrahedrite, cassiterite, arsenopyrite, plutonic-related B-enriched Ag-Sn-polymetallic vein deposits (Bundtzen and Miller, 1997). Report 88-32, 37 p., 1 plate, scale 1:250,000. 0 , 50 KILOMETERS . Qu s APOR
foliated, semipelitic metasedimentary rocks include muscovite-biotite-feldspar-quartz + garnet
+ epidote schists. Metamorphic grade of the Idono Complex is amphibolite facies EXPLANATION

% Lode mines X Prospects @& Placer Au mines

1 Golden Hom (Au) 1 Cirque

2 Independence (Au) 2 Mount Joaquin

3 DeCourcy Mountain (Hg) 3 Broken Shovel

4 Red Devil (Hg) 4 Granite Creek

5 Kolmakof (Hg) 5 Donlin Creek

6 Harvison

MAP SHOWING THE DISTRIBUTION OF ANOMALOUS CONCENTRATIONS OF MERCURY,
ANTIMONY, AND ARSENIC IN STREAM SEDIMENT, HEAVY-MINERAL CONCENTRATE, AND

AQUATIC MOSS IN THE IDITAROD QUADRANGLE, ALASKA

By

Figure 1. Index map of Alaska showing the Iditarod and Sleetmute quadrangles in southwestern Alaska.
Lode mines and prospects shown are discussed in the text.
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